In this paper we report on modulated beam experiments performed on a recent flight of the space shuttle when attempts were made to detect waves propagating from the space shuttle to a magnetically linked satellite as a result of pulsing an electron gun at frequencies in the VLF range. The experiments were carried out successfully, but positive results were not obtained in the sense that no evidence of any beam-generated signals was observed on the satellite receivers. Although in this sense our results do not advance the state of knowledge, we have found it valuable to publish them as a primer for future efforts.
INTRODUCTION
In the last 14 years there have been more than 20 experiments involving the emission of particle beams from rockets and satellites.
In addition there have been supporting experiments in large vacuum chambers ( Bernstein et al., 1975 ( Bernstein et al., , 1978 ( Bernstein et al., , 1979 In this paper we report on modulated beam experiments performed on a recent flight of the space shuttle when attempts were made to detect waves propagating from the space shuttle to a magnetically linked satellite as a result of pulsing an electron gun at frequencies in the VLF range. The experiments were carried out successfully, but positive results were not obtained in the sense that no evidence of any beam-generated signals was observed on the satellite receivers. Although in this sense our results do not advance the state of knowledge, we have found it valuable to publish them as a primer for future efforts.
As part of the Vehicle Charging and Potential (VCAP) Experiment, the office of Space Sciences (OSS 1) pallet on the third flight of the space shuttle (i.e., Space Transportation System (STS) 3) included a fast pulse electron generator (FPEG) [Neupert et al., 1982; Banks et al., 1983] . This instrument was capable of emitting a 100-mA beam of nearly monoenergetic 1-keV electrons. The pulse duration of the beam was adjustable from 600 ns (1.6 MHz) to 109 s (--0.01 Hz) under programmable microprocessor control. While the primary functional objective of the FPEG instrument was to change the electrical potential of the orbiter for vehicle charging experiments, the capability of pulsing the beam over a wide range of frequencies presented an opportunity for investigating the effectiveness of a pulsed electron beam in generating electromagnetic radiation . For this purpose a number of modulation sequences were preprogramed for pulsing the beam at frequencies up to 1 MHz. The primary instrument for detecting the possible radiation from the beam was the plasma diagnostic package (PDP) on the OSS 1 pallet [Neupert et al., 1983 ; Shawhan et al., this issue]. Even though the PDP instrument was on occasion moved away from the pallet using the remote manipulator system, it was at all times within --20 m of the electron generator. Thus, in most cases, the PDP sensors were well within the "near" field in terms of any electromagnetic radiation that would be generated by the electron beam.
In order to assess the feasibility of using electron beams for generating electromagnetic waves that would propagate away from the orbiter, a coordinated experiment attempting to detect the beam-generated radiation at ground-based sites and on existing free-flying satellites was conceived. Of particular interest for these experiments was the possibility of using the beam for radiating waves in the ELF/VLF frequency range. Several ground-based observatories with broadband VLF receivers were used for this purpose. While no obvious evidence of beam-induced radiation was observed, detailed analysis of the ground site overpasses of STS 3 is not complete and will be reported separately. Since none of the preprogramed FPEG modulation sequences of the VCAP experiments was suitable for the STS 3/DE 1 experiments, special VLF beam modulation formats were designed and uplinked to the VCAP control microprocessor after launch. On DE l, the wideband analog receiver operating in the 3 to 6-kHz range was used due to the need for high time resolution as well as for identification of any beam-induced radiation in the midst of a highly variable natural VLF background.
Coordinated FPEG VLF operations were also attempted during magnetic conjunctions of STS 3 with other satellites, namely the International Sun-Earth Explorer l, 2 (ISEE l, 2) and the ISIS 1, 2 satellites. Due to the orbital configuration of these spacecraft, very few conjunctions with STS 3 were physically possible. Also due to various operational constraints the acquisition of the satellite data in the desired modes was not possible i n most of these conjunctions. For this reason, we limit our discussion in this paper to the STS 3/DE 1 experiments.
In the following we first describe the modulation formats and criteria used for determining the magnetic conjunctions of the two spacecraft. We then present the results of the experiments and ray-tracing computations to determine whether any waves generated at the location of STS 3 would be expected to reach the satellite. Finally, we present our conclusions and discuss the implications of the results for future experiments.
DESCRIPTION OF THE EXPERIMENT
In this section we discuss the DE 1 satellite instrumentation, the VLF modulation format for FPEG, and the criteria used for magnetic conjunctions of the two spacecraft. The FPEG instrumentation is described elsewhere [Banks et al., 1983] and is not repeated here. The plasma wave instrument on DE 1 is also equipped with a wide-band receiver with automatic gain control over the frequency range 650 Hz to 10 kHz or 40 kHz. This receiver was not used in the present experiments since weaker signals would be suppressed by the relatively intense plasmaspheric hiss that is usually observed below 1 kHz. DE 1 wave data were also acquired using the digital output sweep frequency receiver (SFR), also part of PWI. The SFR has a 32 s time resolution and is thus not expected to be useful in detecting the VLF modulation format used for pulsing FPEG.
FPEG VLF modulation format
The VLF modulation format that was used to pulse FPEG during its magnetic conjunctions with DE 1 is shown in Figure 1 
Magnetic conjunctions
A "magnetic" conjunction between the two spacecraft was assumed to occur when either of the two conjugate magnetic "footprints" of DE 1 was within 1500 km of an STS 3 footprint. In order to estimate the footprint, the orbital parameters of the spacecraft were used in conjunction with an Olson-Pfitzer model of the earth's magnetic field [Olson and Pfitzer, 1974] . With the criterion adopted here a typical STS 3/DE 1 conjunction lasted 4-5 min.
A computer code that computes the magnetic conjunctions of any two earth-orbiting spacecraft was developed at Stanford University for the purpose of the STS 3/DE 1 experiments. The inputs to the code are the state vectors (i.e., spatial and velocity components at a given time) of the two spacecraft and the distance criteria for defining a conjunction (in this case 1500 km). The output is a listing of the possible conjunctions in the specified time period and the orbital parameters of the two vehicles at the time of conjunction. Since the STS 3 orbit was not precisely known until after launch, the determination of the conjunctions was done after the launch of STS 3. Furthermore, the conjunction estimates were periodically updated as STS 3 orbit parameters changed slightly due to attitude maneuvers.
In the next section we present the results of the experiments and ray-tracing analysis to determine whether any FPEG-induced waves would be expected to propagate up to the location of the DE 1 satellite. 
RESULTS
With the 1500-km criterion that was adopted for determining the magnetic conjunctions, in all there were 43 possible conjunctions during the flight of STS 3. Of these, the FPEG/VLF modulation sequences were Table 1 , we note here that no significant wave activity was observed in the 3 to 6-kHz band during most of these remaining 11 conjunctions. Since the satellite was outside the plasmapause during these times, no significant whistler activity was observed as would be expected [Carpenter et al, 1969 
Theoretical analysis of modulated electron beaminduced radiation shows that the beam is expected to

